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Motivation From Microarchitecture to RTL The Axiomatic-Temporal Mismatch
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Coherence Protocol (SWMR, DVI, etc.)
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Easy and efficient outcome filtering
/\ ProgramOrder al a2) =»> Outcome: rl =1, r2 = 0

EdgeExists((al1,DX)), (a2,DX))) =>
AddEdge((al,WB)), (a2,WB))).

Microarchitecture  Temporal models generate executions step-by-step as a “tree
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Lack of Outcome Filtering in SVA RTLCheck Block Diagram Mapping phb Edges to SVA

Simplified property (using outcome filtering): Mapping Functions translate parch primitives to their RTL equivalents. Howtomapthe edge [ Ld x=0 @ WB b, ot @ WB|?

BeforeAllWrites:

If Load reads value 0, then Naive attempt:l##[@;f];]' <Ld x=0@WB> ##[1:$] <St x@WB>
Load happens before all stores to its address .
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2. St happens before Ld! Solution:
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ore[1].LData | _
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Solution: Translate all cases, keep track of load Core[1].LData
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Note: Axioms/properties abstracted for brevity ##1 = Delay of 1 cycle ##1 mapNode(dest, 1c)
Multi-V-scale: A Simple Multicore V-scale Bug and Runtimes Conclusions
Core 0 Core 1 Core 2 Core 3 + RTLCheck discovered bug C"% C‘“% a’% C"% + RTL must be verified against formal specifications of MCM
IE I= I= I= in V-scale’s memory [ y=1 [ RX RX RX behaviour
‘ ‘ l ‘ mplementation = ot dl R Wi Wb « RTLCheck: Automated MCM verification of arbitrary RTL against
Setage + When two stores are sent to % : Arbiter : : arbitrary microarchitectural orderings
F'):‘p‘;;‘:]eei DX DX DX DX mem in successive cycles,
{ ! { } Arbiter first store Is dropped Stores Memory » Translates microarch. axioms to equivalent temporal SVA
WB WB WB WB enforces that * Runtime to verification ot properties
7 7 7 7 only one below (max. 11 hrs/test) ] T —
Arbiter core can * Avg. runtime 6.2 hrs/test 0 0 0 0 o o « Can handle arbitrary ISA-level MCMs (SC, TSO, ARM, ...)
m:;f:ys’at « Up to 89% of properties 0 0 0 0 0 0 -
any time fully proven . ;J]asperGoId proves most of generated properties in minutes or
0 nours
« Multicore version of RISC-V V-scale processor £ 6 | « RTLCheck enables full-stack HLL-to-RTL MCM verification (with
« Mem ops send addr to mem in DX, and recv/send data to mem in WB i é_ﬂfﬂ**%%%¥%%%%*%u rest of Check suite) across a collection of litmus tests
» Cores access read-only instruction memory (not shown) in parallel AL AL AR A S L L -




